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(57) Abstract 

An epitaxial silicon wafer having no projection whose size is 100 nm or more and whose height is 5 nm on an epitaxial layer, and a 
method for producing an epitaxial silicon wafer produced by growing by a CZ method a single crystal rod where no I region is present, 
cutting the single crystal rod into a silicon wafer where no I region is present over the surface, and depositing an epitaxial layer on the wafer. 
A high-quality epitaxial wafer is provided which is produced by forming a wafer containing no I region over the surface from a single 
crystal and depositing an epitaxial layer on the wafer and which has no projection nor projection like distortion on the epitaxial layer 
observed as a particle. A single crystal containing no I region over the surface extending in the direction of the radius of the single crystal is 
produced at high yield and productivity, thereby improving the productivity of an epitaxial wafer and reducing the manufacturing cost. 
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I£ b b b - A 5 ft 14 » <s V => y m h t& A ^ ft -ft H in , *S <fc $ {# 
iSH*JC««fl:-*"5t#fc*4-*-5Hft*J»H8ol i ^ *> 5 . & A A ft 
25 SB ifi {£ © S HX £ £ %x. , *SA*»?>»WStt5iaftHout tt, Hin 

+ H sol c0fPlI^Ll/^%X.f)n5. * tl *f il , H in 14 % IS B B a T © v- U 

=> ygt?g w$ai^[6]?affi^ia (dr/dz) m Hsoi f*£Aj$ft>£g 

F |:> H out tt^AfiJcftffO5a±«)aS43EG»Ctb0iJi-4t%A.e>iX<5 
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( m 3 # m ) . 

j* * a « © At a as k # v> , h soi i± ± # < & 5 fc ft s r!c s *r m m & © 

fa ± © fc ft [z. 14 H out Sr * * < -f 5 » H in & /h £ < 1" 5 £ R a* fc 3 , 

5 iig£fa±i-5ri:[ij;'9 > I ^^©^V^IapB^r W "t~ <5 CI t "C ifo 9 ■» 
H out 14 - 3£ fc % X. 5 o % o X , H in & * £ < 1" S & S # ifc S . 

# 3! fifl T i4 , « £ An L /c , #tr7K¥a#^Pn*n-T3c:<b 
ic:£>K &*T©S'!;=«i'i»iSottA-|S]fi*45)E ( a t / a z ) m £ /j> 

$ < 1- 5 d t as T* # . Hin^r/J^$<i~3'l<i:ast?#3 ( Fumio Shimur 
10 a;Semiconauctor Silicon Crystal Technology, 1989 # 88 ) 0 $ b ft , & 
^*RlAD-f-5r t b(iJ:'5, ->!J ^ yi$tfoS^^iBS*iE ( d T / d 
X) m £*£<1-5^i:as-t*£, iii il T* & £ J« £ £ (r 3§ £ -f 

5 ,u y # S a> fe ® ft & B& <* d <b as X' § 5 ( 0 g ^ W * n f /<? 4 * % 198 
6¥ 7 £ # fli ) „ rtlf>c0^^ia 9, Fmax ©±Kfi*&§lt±tf<5 

15 riasnr^xfc-So Lia. m^»t-ctt±Be«>fjtfijtftS:^ditti** 
a> o t . 

3 0 d *i Sr Mi x. 3 fc ft ft 14 x & p b b @ 4E & (6 & ft 1" 3 d <t as # & X *> 3 „ 
t a> t , *gfi@«5©©itftJ4, ^S«fiffB5rt©K**S«5 ; F^-«r't) 

20 it bto mmmfcomftftifitD^isi-te, t^oiit<d^i-as 

U4ff©IBIIHS:5l#fic:i-fcft, I 31 p B n i: L T 14 * il # T* 3 0 d tiii > 
f& ft <P © i£ & © Jlffl T- 14 , ~> U = ft J: <9 <& T 

L t ^ 5 fc t* #) 5 o & & © C Z & T' f4 , iO^^gqtjaiiaSBJOKStft 
Jt © * « - fc , IS £ g| & ft J: 9 §| * jg d $ Jx 5 3fc ftj M % V M IN ft I- $ - 
25 ftLTV^ft (W.Zulehner et al.;Crystal Vol . 8, 1 982 %f $ fig ) „ 

flj £ ft 3 :: <h as ft b ft T v^ 3 0 HMC Zfetli> 8t;fri5i0>iB?j|ft0>;fcft, 
Jt£fa©*r»itas$j;if>ft3 0 rofeft, it^^tsc)i©J5^asii^©cz 
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m\zit^, mm®-?m < tt h a « o r it a sits &i&mfc 1 1 *> §&3i 
a> r- # s D 

5 # * W "C 14 , 7k¥Ii©ti'Iilt5: 5 0 0 ~ 6 0 0 0 G a u s s 
t L s ¥£Afifcft't , ©jgSlHHB«:l 0 r p m T Id U M i" 5 <t 9 Id t fc. „ 
:5t5:if, ^ya>iB«ott*i6i#«Eds»*±<li|i«l$n, SI 
El 0) <& ii ft Id & 5 H H $ ft |jl ffi © & & it © f » fc n ifl £fl © * i& 

- $ & ft * $ ft , It £ © £ jg £ # =b -f id It A m ft © a ii it £ m 5 r t # 
io tn*5o 

it ^ *• , a^v^±stt■cl^3ii•t■5^:fc*s■cs:5. 

Sf> **WCffiffl-r5HMCZjfe^J:5l|ltta§l±« , «ll©«riE«l 
£ El 3 Id 4: 9 t£ ^ 1" 5 0 0 3l^ti9l;, : o*^f B §l±tf SI 3 0 
14 , §1 ± if m. 3 l , §|±« r *3it»Jc:KitfeixfcA'y#3 2t, * y 
#3 2 © ffi II Id SE g $ ft t - 9 3 4 i: , 2 Sr tel $ it 5 y 

20 ^«^W3 3S.l>*^©[H|$5^fg (H^-frT) t , v'^y»S^ a B a 5t 
«j»t5f-Kf + y^6t, S/-Kf--ys/^6Sril±«'57-<+7i:, 
J7^ir7S:B(EXtt**»5«lR«l1ll ( El * * i" ) tfiit«iJHt 

^ s . ^ y # 3 2 ii , * © mi © > y = y m m ( » ) 2 & nx & -t 5 mi id 

14 5 H y # is m ft h ft , * © fl> fflll Id 14 & ft /u y # # IS It bixt v^5 0 
25 S fc , fc - 9 3 4 © ft ffl IS Id 14 Ufr ^ ft 3 5 £ g £ ft T V* -5 0 

f U> 51 ± If £ 3 1 © zfc ¥ # ft W fl- {RiJ Id , 7k¥Iill53 6 
IL ( HM C Z ffi t L X U = > KIK 2 © St % £ Wi m>J t , ^ It & © £ £ 
fifc ft £ 14 o T V -5 „ 
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Hk , ± IS W H M C Z Di £ ifa 51 ± If H H 3 0 C J; 5 *ISfa WfilJ S 

if, /v- y # 3 2 ft -c -> n = > <r> m A ft £ A ^ ® £ B £ (fi'ui 
2 °C ) £t±I^APj»Lri»ll?'t5o * I- » *¥a»«rRJ*DL, 7 W -V 7 
5 ##tti1--Mi<fc 0»«2©*iEI**&ttte*tSa5©$te«fc»ttXtt 

19, ¥i$A*j£asM*ft$n*. ui&, §i ± *f m ft t m. ft & s §j k m ■» -r 

10 i » B& n t± ^ ^ © ¥ £ p b b l & 51 ± If 5 S fc "5 , ¥ £ & f& ft i£ ft F 
[mm/mi n] £¥£&#£#BDiE&^<O*SSl£:&«i:£lS]0>i&ft43E 
G [ °C / m m ] tlb^nSF/G [mm 2 /t • ra i n] £r it IH 

ittiii, i m m & $ £ * v> * is n # # & n 5 . 

± © J: 0 In , ±E-e»WLfc«Ji^fet8*»-J:o-C»Jt$nfc^ 
15 ]) = ^ * £ iPh \Z *5 V> T , ♦aWOHMCZttOHaftftttTKlSfiSt 

n tf , *iSB8filrfcWli>?>1*«»!P«»-C^4<, * * - ^ $ \z An I b 
fc. B# (d j& ± 35 {w I US % £ £ * "f ^ t° * * + fi> 7 =• - id jjp 1 t T h 

* 51 93 <D cc f * * ^ ,p y y ny^i-zNl^ 0ij £ |f ± |5 <D £ 0 ft ®i 

Ltxt^if ->t/^^If VDffi-cifeli, Affile: 

25 p'l X fi\ C VDStiSv'!) ayit'^ ^i/t^lfilj:, S i Sr^A/ 
f:Slf#^H^7//x (S»H 2 ) t * in 5 J& ft I- * A L , 10 

p o , ca±oj«jai-Anf»**ifc->!> = yiiffijbu:iii(**#*0>afc#»£fc 
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i C 1 4 , S i H C 1 3 , S i H 2 C 1 2 , S i H 4 ©4i^ISSffl 
£ ft T 5 „ S & & J4 , S i C 1 4 © 1§ £ 14 , ±HtH 2 (d 4 5 * 

3d s 7c © fc » i i 5o~i 2 o o <c <t $ < , m $z <o m & as '> * < ft 5 fc 

ftfillftD, S i H 4 ©i^ciii&fiiseiaoTi 0 0 0 - 1 1 0 
5 0 °C T* J& g £ 5 „ 

i t: * * f * * fi£ S £ H fc: l± , # a #» , IK ( * * ) *F , /< u a 

fe^s:JF<S£*sffiffl$ixs*s % ^y3yg;|g<D;*:ii;Mfc(::fl i v^$ctfc 

3§ W £. ft, I- PS £ £ ft 5 t> <D X- J4 ft ^ „ 

£ , ^ *» ft "5 & ft T* & ft tf > 3? jfi fc -5 ^ |4 ^ jg # - X ^ * /U 305 r> i _ 

& S K % ± L ft ^ Sr 56 » -t" 5 ft , ^WK^IrlTofc. 
15 (f^H) 

jgfet^8~l 2 Q • c m <& flS IS "C » j$^Jifflg|52 0mmfig-C'<DRScfi 
& ft F / G & 0 . 1 5 5mm 2 / 1 • mi ni:L"C5l±»ffcifit1£8>f:' 
© ¥ & A # a» 5> s BlSiBrt©±iBlri«*Srfftf^ai-^ (W-ii 
1" 5 h feiI>*IS l r H ^ffl^2 Ommfilt^fijcfi^ftF/G&O. 2 3 9 
20 mm 2 / °C • mi n t "C 31 ± «f ¥ tt A W & , ffi rt £ ffi K I ft 4c * 
^2ftV^o:-/N (W-2tt5) UfffiLfc. 

ft % £ <D G © ft H 14 , « *. tt , FEMAGtfftfh58^ei» ft? 
y 7 h (F. Dupret, P. Ni code me, Y. Ryckm 
ans, P. Wouters, and M. J. Crochet, In 
25 t. J. Heat Mass Transfer, 33, 1849(1 

9 9 0 )) £ a ffl t % y = > © 14 £ 1 4 1 2 °C j&» l 4 0 0 °C t ft 5 (t 
B£-C<0£«&fr»L, I 2°C (1412 °C -1400 °C) £ r <0 E Ml 
-CfflofcftfifiSrG ( °C / m m ) Hfc. 
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tz t :5, w - l (D I m S fc 6 0- ft 35 lc # % \z /h $ ^ /< - r- -y * A- 

orotic a**tfcffl*iXfc [04 (a) #RB] 0 d*l&AFM|;:.fc>>«g5Lfc 

5 ^♦'✓tA'itft^iKi::*, # # * $ ft - x * ^ « ft SL a* ft * 
$ titziiW: k IrI C {4 H K: % ^--r^^^^m^^ttfc [04 (b) # 
BR ] . CLro^-^^^^AFM^i^ig^fc^Clt^JoTc ( E] 6 # 
RB ) . • : ££>;*c££i3:100nm~1000nmi>fo>9, nm~2 
0 n m t fc o f; 0 

10 - * , W - 2 T? tt , ? ^ - £ ffi ffi « §t <D y< - x 4 9 A* to $ ft 
tzh <D(D , ^E««fc©i±Ioi>f,)5:^ofc [07 (a) * HB ]. C ft id 

^ e 9 * -v >u m & m h tt t z h . - =r * 9 iv i± % <b* a n $ ft ft ^ o 
jt [17 ( b ) # fig ] 0 a f m -c m & t x t> % m \t m m £ ft ft *» o t „ 

r ft ?> o -r * bd>5,, :£ iin ir I *4v^>!) ay^x-^^x 

15 tf^^^ + ^^x-AfflwliiLTffi^ntf, f * ^ ;w li £ £ 

0^tft^^-^5rfflVNT5i9]ftfp®^^5fifeOii^^ft^?I^Lfco 

20 ( % tt 0! 1 ) 

tiiiai| 4 0 0 OGa u s s © * ? II $r F]l i L fc H M C Z & Id 
*J V> T , 1S fit ^ j^J 1 0 Q • cmrofill 2-Yy^^^ B B B ^2 8 -f >- ^ 
/u y ** £ ft & 13 $5 7 . 0 r pmtflLfc, 

-y|:iil|i, gg©Ii3 2 0 mm-COG|j;3 , 5 5t/mmtJ)ot 0 
25 IWSt, ^glSO. 99mm/mi n , Ct)JtS:k*'?U. 1)3 
20mrafflF/GliO. 2 7 9mm 2 / *C • mi n T- & 5 0 

z <D%.&8,W1>* b V '^VtW fr*:® Q til \* . * & t mm& 
( x y *y P> A * |6] 1 0 m m U ft ) t g£ 5(1 illt £ $J £ L , ( I I 3 '6 
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»*-JBIifl** I / xi 0 0 (%) HtlllSIrt^^ 

& » £ l ft . »*»«a5rt^*tt5%^T"C*>ofc. c o & 

fia»e>«ow$jxt!>i'-^*^>^ , A'fctt, os f y y^*issii 

5 :Hti5>iltv'y S iHC 1 3 + H 2 # * # 

Blft » 1 2 0 OttI J 2 j/mOif^^^t^l^^SJtfc. ^£ CD 

m ± ic tt ^ e * 5 v^ tt ^ e # ^ - 7 1 -r * /Hi tfe ffi $ ft ft a» o „ 



10 ( tfcttftl 1 ) 

«»£ffl^ftV^iI#©CZife-?WlSLfc#0>l±, JS #J 1 i 13 f£ <D £ 
# T !^ tefet^^JlOQ- c m(Dill 1 2 ^ yf 2 8 (D 

iv V # h W fi£ L ft „ 

^OUffiKSiigii, 0. 6 lmm/m i ngS^lPgtfc^ ii32 
15 Omm-COF/GliO. 17 2mm 2 /°C-min-t*fcoft 0 

w <d & q q p 5> 9) 9 m t ft. * a - ^ & f- 1/ •? 'V t* i m *fi © m m # & -t- 

^3 OmmOfitllll^f:. ft o T , $ ^ - <D ft m%i I & 

t/iot^s: HsiiJiifco aft, ^^^Sffirt^^^fJ^tfti 

20 £ 5 , tOilil 2%gStfcofc 0 d CO £ 3i - /n flf) fe $ # -C x: t° 1 
£ *I A, ft '^d 3 , E2I»tt:*tft£j£i6S«g$ftfc„ 

ft, osFyy/^mstSis Lftv^>ii> tS ft * $ HI 8 S I- t 

*r.^lall?fil5U:fflv>fc£i&©Bft**fittl3ppina ( J E 
25 IDA) JJA ± ir L , Ijftlli 1 0 0 Ot, 3 H# ffi *3 i 0 1 1 5 0 °C , 1 

o o^WHfc. Hi:-l©l^ltosF y y ^ a* & ffi $ ft ft ^ ® 
ii » usee, i o o ft <o B & a £ Ji An L x I? ffi t ft . z <d k ? 
ir, lto s f y y^4stU4^fcotos f y 



WO 00/46433 ^^T/JI J 0(I/C6C379 

18 

&m $ titt ^ <r> t mm l fc 



( X % 09 2 ) 

SS8Oft0. 0 3a- cm£l~F0>P£!fi&&i;*ll*fr&&i;** 
5 li-cisiSilU;. :*ibo»IKH:l(i«iiBCosFyy^|f 

fBfcfT^, OS F y yy<0f4ItifiiftF/GtOii^*fefc o * 
to m Mk , OS F y y ^ (0 ^ # £ 1" 5 I f>M ^ £p oh A 9 ji^^fV^jt 
# 4>J*fi F / G tt , K$p ( £2 • cm) <D M $fc b Lt< & * , 
F/G>720-p 2 -37-p+0. 65 
10 ( .d d , p : || a B a OtSS$ [Q • cm], F : J* & £■ J* ft & £ [mm 
/mi n ] , G :^ISf H R!cfi^ffiia^-C(0^raR5cS#^fS]WSit^ia [ °C 
/mm] t "t" -5 ) 

•Ctfe$ti5'b©-?fc5^ i^Uofc (12#,1) 0 r. ft £ S ir „ «T« 

<fc 5 1 mm*-?; zk^w & *&fthtz 0 

15 J6 fit * 0 . 0 1 5fl • cm®8>f yfg^^aia2 Omm-?»Gii, 

3. 7 4'C/mmtfc5*y hZ-yil^tSfiift 1. 4 m m / m 

i n tf^Lfco d<7>B#, ^77a-i? g 0#biifc»*iS 

E 1*1 ft * 14 , 1 0 % fit T "C h o fc „ jg ^ 0 . 0 1 5fl ■ cmfa84 
F/GI4±5£«k9, 0. 2 5 7mm 2 /°C-minT'fe l 9,4-[H]Wj*$ 
20 llf;^a B a©J5ia 2 0 mrat© F/GI4 0 . 374mm 2 /°C - mint* 

*> 5 „ z (o & & m <o m t $ 3i - ft f- > 7° /nr i4 o s f y y ^ a* 



25 (£Jfc0<j3) 

& (CI , 0. 0 0 8 Q • c m <D 8 >( y 1 ? & & & mm 2 0 m m T* <D G * 
4. 3 3t./mmffc5*'y Fy'->^)l^tfi!tglfil. 7 8mm/ 
m i nffSLt. d torn , ^/^7a-i;a vsi; i D#()hfcil3lfi 
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£ Bi l*i # AMi , 1 0 % SIT X h fz 0 fctfi & 0 . 0 0 8Q«cm-?&K 
ftF/GI4±5£,fct), 0. 40mm 2 /t-rai nfl)^ 
|Lf;Ul©ia2 OmmtOF/G!±0. 4 1mm 2 / °C • m i n T* 

^ £ ft tc o 

J^±^ck 9 td±tfi0 5ti 9 It IT £ ft fit -t o F / G f li I fj! $ £ 

10 ittzbzZ, xt'!)x-^(Dxt"|l(;ii, £it£fc -5 v Mi 3§ ig $ ^ - 7- << ^ /Hi 
& tti £ ft ft a» o fz o 



(JtM 2 ) 

8££t*0. 014B - cm©8'f yf!SS^Sia2 0mmt©GiJS 1 3. 7 
15 4 t:/mm-efo 2 t mU<D* V V V* ~ V V^fiKSM 1 • Omm/ 

mi nff^Lfc. |li;tS$0. 0140 - c m-C*BftF/GI4±it i 9 , 0. 
273mm 2 /°C - mi n T' £> 9 , ^ IhJ WfiJo $ ft ft & & <D m ffl 2 0 m m T' <£> F / 
G (2 0 . 2 6 7 mm 2 /°C -mi n t? , fffltft £ T lei 5 <t ft o fc e - W& : p B n 
/^ibW 9 ffi Lfc^-^ftf-^^iriiO S F y V ^ >2 /6> ib 2 5mmO|il 

20 irj&tti£ft> raffled i iii^jnt^^ r t tmmzntto 

±m&®im 2 ra, F /G - pmi^^^^^^tz^^n^tz-mtDmmB^fD- 
^Xh'O , CKDi^ft^^^^f+Sr^X-C^^ilLtToTH^xtcDmS^i^fe, 

ft&\ *%wn, tmnmrnm^mfczti 5 hoxn^^^ ±nnmMm\i, 
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tit # <d m m 

1. at fc* * * -y ;U ® ± Ul , *:#$100nmUl±, 5 n m&li(D^ 
jg ft ft L * V> i t Sr W m i "T 5 a: tT * * > + ylx U a y ? x - /n „ 

5 

2. if ^ ^^•V/Hfili'P ay^i-AtLt, * t £ 1 0 0 n m £A 

fr « 1 1- * * e * * v * v y » i/ * 3i - /> © » » . 

10 3. xf;?^-> + ;Hfii-/!J = y^x-/Ni lt, i f « 

m k it , iate^fflJK^;&S£?LlzJ£^<g#& 5) & £ * ft ^ ¥ It 

15 4 . ?• a * 7 * * * - m \z «t o -c v- y 3 y ¥ is s &• w j* -t % R t- > n% 

^^S&V^^IS^t^SrWEScl', fli IS el b $J 9 li-i L ifc B5 F*J S5 t£ I fl 
« £ S * v» f y =J^->3i-/N[c:xt 0 ^^^-Y^Ji^?Stfr <b 

20 5. ffi & a ? 7 ^ * * - \z £ ^ X is V ^IggHlltSlt, B£ 

6. ite^^ 3 y*g a B B ro^Siff F/G [mm 2 /t • m i n] ( £ C 
25 IIF : ¥ IS b b H A ft 31 « [ m m / m i n ] % G : VfL IS H Rfe ft # 35 ® B X <D IS 
B B s $ ft # ^ fa <D M Ifi [ °C / m m ] tt5) fc , 0. 1 8 m m 2 / °C • 
m i n«li tT, |& fit $ 0 . 0 3 £2 • c m W ± t* * s o |g a e a ©gj [5] © 
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ffi ± ffi «s v fif $ (;:i;v^«(iii, ffi ?l # g b & ^ Pp.^ * it ^ ^ ^ 

5 7. MIB5'!;=»i'lil|ta0J*ft*f ! l : F/G$:, ft , 
F/G>720-p 2 -37-p+0. 65 

C:Cp : ^ ft & £> fg *rt 4> [ O • cm] t "f -5 ) 
llSHOHt^ PSTO. 0 3 • c mWT^feSKf T'fc ^ > o 

8. MlEMi-5M£7kM*§i:L, *©*to«l»M«fc5 0 0-6 o 
OOGa u s sfc-f5r£&#»fc-f5»#JE5fc^L»#«7WV'>-r 
15 ft ri> 1 JS f£ it L fc. 3i t' * * -> -V A* *> V = y^x-A©ii|^S 0 

9 . «Haa«4aEG0>8J!rifti#*|M2::fev^, «l>ft<it-»l:3. o °c / 
i: "t" 5 I! if 6 & i ^ L IS >R J I 8 (D \/^-f ti l if (c: f£ |£ L /c ^ t° ^ ^ -y 

i o . hu f a m ft H f& ft * o t£ B B B m «g * 1 o r P mttTit5:tfc»»i 

-f 5 tt * 9 4 V * L IS * 9 9 » ^ i* ti 1 £ tw IE ft L fc ^ t" * * > -y 

25 

1 1 . BN IS ¥ i(3 B B B O W $ }^ T , 11 2 5 0ram (1 0 V ^ ) & ± 

^ K t§ aa # Sr ®c )a i~ 5 CL <t ^ IS i: -5 it if 4 V L If Jt? II 1 0 
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l 2.ifiSI(lf*Jl2*v^t!»*«l l 85 ® t M it ^ & I- =fc 9 M it £ ft 

5 

l 3. BftlSft3ft^2^V">Lft^JSi i^E«tfc«J6*tt^±»>»Jt$ix 

* > v 3 > * i - ffl g m , 
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